The East Asian-Australian Flyway spans from North Asia to Australia and is the 23 world's richest birds' flyway because it involves >40% of global migratory bird species. 24
effects on the dynamics of the species population (Vickery et al. 2014, Rushing et al. 48 2016). For instance, the global decline of the yellow-breasted bunting (Emberiza 49 aureola) is most likely due to rampant illegal trapping at sites where the species rests 50 and feeds during migration in China (Kamp et al. 2015) . Furthermore, deforestation in 51 Southeast Asia has been suggested to be a cause for the decrease in Japanese 52 long-distance migratory birds that depend on mature forests during the non-breeding 53 period (Yamaura et al. 2009 ). Hence, expanding conservation efforts from breeding to 54 non-breeding periods is prerequisite to successfully conserve migratory species (Marra 55 et al. 2015) . 56
The East Asian-Australian Flyway is the most species-rich flyway in the world, 57 hosting >40% of global migratory bird species (Yong et al. 2015) . However, the 58 migration routes and non-breeding grounds of these species are completely unknown, 59
particularly those of the entire suite of small migratory land birds (Yong et al. 2015 , but 60 see Koike et al. 2016) . Areas with high hunting pressure (Kamp et al. 2015) and 61 ongoing significant land-use changes (Bradshaw et al. 2009 ) may overlap with the 62 distributions of these species and threaten their persistence. Therefore, more information 63 is warranted on how these bird populations use this particular flyway. 64
As a model species, we used here the Stejneger's stonechat (Saxicola stejnegeri), 65 breeding in grasslands from eastern Russia through the southern tip of Kamchatka to 66 northeastern China, Korea, and Japan (Urquhart 2002 ). Its major non-breeding grounds
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are assumed to range from southeastern China through mainland Southeast Asia to the 68 Middle East (Urquhart 2002) . In Japan, this species was generally suggested to be 69 declining in the southern region (Endo and Hirano 1983 ), but they may be stable at the 70 national scale (Yamaura et al. 2009 ) and are currently common in Hokkaido, northern 71 Japan. Grassland species including stonechat are seen in early-successional stages of 72 forestry plantations and are likely to be conserved by the forestry activities ( 
Estimating locations 106
Light-level geolocation data were analyzed in the R package "GeoLight" ver. stonechats are known to be stationary around their breeding sites (Fujimaki et al. 1994) . 113
Individual calibration periods ranged from 88 to 98 days. Using the individual 114 calibration data, a log-normal density distribution was fitted to the zenith angle 115 difference (twilight error) of each defined twilight time and the earliest/latest recorded 116 sunrise/sunset time, e.g., the sunrise/sunset that has most likely been recorded without
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any interference of shading. Initial locations were estimated using the (modal) zenith 118 angle at the maximum density of the defined log-normal distribution. This method 119 corresponds to the often-called on-bird calibration (Lisovski et al. 2012 ). To correct forand sunset times and prior knowledge of the species' behavior to estimate location. The spatial probability mask is based on the premise that stonechats are 128 terrestrial birds and thus have a higher probability of occurring in a terrestrial habitat. 129
However, the stonechats in our study population had to cross water during their 130 migration; therefore, we allowed the location estimates to fall into the sea. These 131 locations were associated with a lower probability that decreased with the distance to 132 the coastline (d) as follows: 133
P = 1 + 5*exp(−(d/200,000)^1). 134
Hence, locations >200 km from the nearest coastline had a four times lower 135 probability (P) of occurrence than locations on land. We used a freely available 136 1:75,000 spatial shoreline dataset (http://shoreline.noaa.gov). To parameterize the 137 twilight model, we used the parameters (log-mean and log-standard deviation) of the 138 individually defined log-normal density distribution. We assumed that migratory 139 songbirds have a bimodal speed distribution for the behavioral model: stationary 140 behavior during most of the year and traveling airspeeds of about 8 m/s (Bruderer and 141 Boldt 2001) during active migration (gamma distribution for movement: shape = 9,7/19 scale = 0.25; periods of residency: shape = 1, scale = 0.2). We used the "changeLight" 143 function (from the R Package "GeoLight") to define which of the two speed 144 distributions should be used for a given location estimate. This analysis was based on a 145
"changepoint" analysis that quantified the probability of each sunrise and sunset to be 146 different than the surrounding sunrise and sunset times and hence provides evidence for 147 shifts/movement in the underlying locations. The sunrise and sunset times associated 148 with a "changepoint" probability greater than the 0.75 quantile of all probabilities were 149 used to define the stationary periods separated by periods of movement. The 150 "changepoint" probability of 0.75 is a conservative estimate (Lisovski and Hahn 2012) . 151
We considered that times >1.5 days were changes in both location and location 152
estimates that fell between stationary periods. We associated these changes with the 153 active movement speed distribution. We drew 1,500 samples to describe the posterior 154 distribution for each individual using the above-described parameters. Based on the 155 latter, we obtained the median track for each bird (e.g., median of the location estimates 156 for each twilight time). These processes do not allow for convergence of the MCMC 157 chains, as that would require a burn-in and tuning process before drawing a large 158 sample. However, the large observed twilight error distribution during the calibration 159 period resulted in unrealistic tracks (as far north as the arctic coastline) during the 160 equinox, indicating that the observed twilight error did not reflect the twilight error 161 during the movement and stopover periods. Therefore, we only used the method to 162 slightly refine and, most importantly, to correct highly unrealistic location estimates, i.e., 163 longer periods at sea or location estimates too far away from each other to be actually 164 reachable by the birds. 165
166
Defining the migration schedule 167 residency and movement based on the most likely track. First, we calculated the sunrise 169 and sunset times for each estimated location along the track. Then, the periods of 170 residency were defined as periods between sunrise and sunset that were associated with 171 a probability of change >0.8 quantile of all probabilities and that were >2 days. This 172 was rather conservative and often resulted in several spatially overlapping periods of 173 residency. We then used the "mergeSite" function from the R package "GeoLight" to 174 The mean (±SD) onset of autumn migration was October 8, 2014 (±7.7 days).identified as mutual staging areas (Figs. 1, 2) . The major non-breeding grounds were in 198 southern China and mainland Southeast Asia (Figs. 1, 2) . The birds reached these areas 199 on December 2, 2014 (±12 days). Individuals spent 55 ± 9.2 days migrating from 200
Hokkaido to the non-breeding grounds. Only 17% (8.9 ± 1.8 days) of the time was spent 201 actively migrating (Fig. 1b) The North China Plain was visited by almost all of our stonechats (Figs. 1, 2a) , 220
where large-scale illegal and massive trapping of migratory early-successional birds 221 occurs (Kamp et al. 2015) . Stonechats traveled through China during October-222
November, which is a major trapping season for songbirds there (Kamp et al. 2015) . This hypothesis seems to explain why Hokkaido harbors diverse grassland bird species 240 dominated by migrants, including stonechats, grassland warblers (Locustella ochotensis, 241 their major non-breeding grounds (Fig. 1c) . This consistency of departure and arrival 244 timing is also observed in other long-distance migrants within and among seasons (e.g., 245
Schmaljohann et al. 2016). Correlated seasonal arrival dates at migratory goals suggest 246 the importance of an individual-specific, endogenously controlled migratory program 247 (Conklin et al. 2010 ) and may diminish the significance of total duration of migration to 248 explain the variation in arrival dates. Total duration of migration was dominated by the 249 stopover duration, as stonechats spent >80% of their migration period (Fig. 1b) On the other hand, agricultural intensification in Southeast Asia is required to meet the 275 growing local and global food demands (Mueller et al. 2012 ). This is a clear dilemma 276
for stonechats and other species that depend on farmland because agricultural 277 intensification has a significant negative impact on many species (e.g., Flohre et al. 
